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. -  . . 
An invsstiga-t;ion ha8 been con&ucted to determine the performsnce 

characterFatiica of the l0-8tage axial-flow corrpreseor~ for,,the' UXB j e t -  
propulgion engine. Initial performande ,.da€a. were , taken with tnlet  
c,onditions of 59' F and 14 inches of m&rcury absolute over' a rmge of 
epee& from 3400 to 17,000 r-pm with interstage  Instruments installed 
8nd with normal air leakage past the rotor rear a i r   s ea l .  The effects 
of interstage instnmrents, af air ledcage past the ro to r  rear air  eeal, 
and inlet  air conditio- were. then  eeparately evaluated, 

. A t  the design sped  of 17,000 rp3n kae compressor had a peak adia- 
ba%ic temperakure-rise efficiency of 0,72 anb developed a preeewe 
ratio of 3.72 at .a  weight flow of 33,8 p~unda per second. A niaJCimum 
sff iciency of 0.75 was obtained a t   ' t h e  ekuivalent .speed of 15,300 rpm. 

. The reIio%al"tS tbe.jnterstage iqstruments increased the w e i g h t  
f l o w  2 ,  i! percent and the ped' teqerature-rise' ef f icisncy 0 -03 a t  the 
design sgeed. The elimination, of the alr leakage past . the rotor rear 
air seal  at the deeign a p e s  decreased the pe& aaiababic temper&ure- 
r i s e .  eff iclencg 0.04, decreased the equival-. weight flow 5 perc.ent, 
and increased  the ' e& pre.sdu5e r a t io  0,25.. A change -In the €Glet 
ConditLons from 59 3 F .an& 14 inches of mercury at>..salute to: -59' .F and 
6.5 inches of me" absolute increaaed the peak pes~rure ratio at 
deslgn 'epee& OP74 ead.'decre&ed t h e  wight f 1 m  .by approximately 
6 percent, The resulfs a9 the s m e y a  with khe intorstx~ge tnstmunents 
located in each etator row and t h e   f i r s t  row of out le t  guide vmee 
i.ndica'ted.thst erne nonuniformity af blade loading existed and tha t  a 
considerable ~ O S B  of t o t a l '  pressure waa occasioned by.  t h e  outlet guide 
vanes. 

. I  
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INTRODUCTION 
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The 19x33 compressor, which replaces the 19B compreseor (refer- 
ence 1) and has the sane length and diameter as the.19B  cmpreesor, 
wa8 designed  with LO s tagw' to   de l iver  39 pounde of air per second . 
f o r  a pressure  ratio o f  4.17 at an equivalent weed of 17,000 rpm; 
the  1% was designed with six stages for a pressure  ratio of' 2 . 7  at 
the  same weig4t flow and epeed as the 19XB compressor. The perfom- 
ance  ch&racterfstfcs of t h e  new cmpressor~were dletexlnined at the  
NACA Cleveland laboratory at the  request of the Bureau of Aeronauticer, 
Navy Department. . -  

Results a r e  presented'& the investigation made t o  evaluate  the 
.. . 

over-all performance of the cmpressor, the af fec ts  of" possible 
leakage past the r o t e  r e w  air mal; the  effects af ineorting instru- 
ments in  each row of s t a to r  blades and i n  t h e  fir8t row of outlet  
guide vanes, and *he effecte of changing the  temperature and the pres- 
sure of the  inlet  air. The results af the  interlstrtge - w e y e  a r e  also 
presented. 

T 

19XB COMPRJBSOR 

The constructtan of -the lo-ettlge axial-f bow c a n p r e ~ ~ o r .  uaed in 
the l9XF3 jet-propulIBion 'unit i e  similar to that. of .the. Qix-stage 
1% carirpreesor deBcribed in reference 1. A photograph of the assem-, 
bled 10-stage compre8aoi' wi$h the upper half of' the .caeing removed . . 
is  shown i n   f i gu re  1. A cross-sectional drawlag of the compressor 
with the  prlqoipal dimeImiCm8 is given i n  figure 2; t he  path of' poe- 
sfble air lealrage past the rotor fear air seal is also ahown, 

# 

The cast-aldnum inlet  eection and the diechmge section are 
the same 88 thoae of the 1% compressor (reference 1). Fairing 
inser ts  were inetalled on the inaer and outer: walls a9.t;er.the outlet 
guide vanes t o  give a straight annular passage l%r the discharge 
measuring station. me lsplit etator  caging dif'fem frm that of the 
19B cmpressor only In the .nunber. and epaciw of the ci.munferen'clal 
grooves f o r  the stator-blade outer shrOUdS, The ro to r  of tha  
19XB compressor is constructed in  fou r  ~ec t ions ,  whereae  that of' the 
19B was machined from a single aluminum-alloy: forging. !!?he forward' 
section af' the 19XB r o t o r  consists of Beven b1ad.e rdwe mcihinftd fr& 
a single aluminum-allq forging. The rear section, which wa8 bolted 
t o  the aluminum section,  consist'e of three disks, each machined frm 
a separate  eteel forging. A steel  sleeve  pressed an the slwninum 
section of the ro tor  f o m  the front, bearing journal. !!&e rocor ie 
r igidly cannected t o  the drive ahaft, which is supported by the two 
rear bearings, In the  Jet-engine inetallatim, the rigid connection 
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permits the thrust  of the c.ompreseor t o  oppose t h a t  of the- turbine 
and thus relieves part of the load on the  thrust  bearing. 

The destgn of the blading f o r  the 19XB canpressor  stresses 
simplicity and ea& of manifactu2e rather than any particular a l r f o i l  
shape. AB received . f r a  the manufacturer, all  t h e  blading of the  
compressor was nicked and pit ted franprevious running of the complete 
j e t  engine, bu t .  the taSte  were made with  these blemishes, M a 3 t  of the 
blade angles had. been changed from their original deeign values by 
p las t ica l ly  deforming the metal at a point  appraxfmately  one-fourth 
inch from the root 'of the  blades. Table 1 lists the  design  specff i- 
cations  ( incbding these -def ormatiom) f or  a l l  the compressor bladlng. 

. The. inlet-guide-vane di8phragm consists of 55 al.uminum blades 

, sh?20~&8. The blades have s~-?metr'ical section8 and q e  t w i s t e d  approx- 
. .fitted Euid peened into circulax stainlese  steel   inner and outer 

h a t e l y  8O from the root t o  the . t i p ;  these  blades m e  not tapered. 

The s t a to r  blades, are  made of s ta in less   e tee l  and are f i t t e d  and 
peened into  semictrcul&" staif;less-ate~l *was, m ~ n g  it possible. 
t o  assemble separately each half of' the casing. Eaoh half row of 
blades is held i n  place. by two lccklng screws. With the exception 
of the first stage, *he e ta tor  blades have cfrcular-arc camber llnes. 

The ro to r  blades a r e  machined of s t e e l  and P i t  into  cylindrical  
dovetail grooves in   the   ro tor  disks; the blades are held i n  place by 
stainless-steel  locking  keys. All of the ?tor blades have a'circularr- 
arc camber l i n e  except the first and second stage8 at the hub. The 
blade f i l l e b  radius for all the  rotor'  -blades ie approximately'one- 
eighth inch, 

The ro to r  and s t a to r  blades of the 19XB cmpressor had a aml ler  
c a b e r  angle at t h e   t i p  and a larger camber angle at the hub than the 
blades of the 1% compremor. ,In general,  the 19x3 blades were 
thicker, had a smaller chord length, and had slightly more twfat  than 
the  blades f o r  the 19B cmpressor. . .  

APPARATUS AWD l 2 E m m m m r n I O N  

Apparatus 

The 19XB compressor, was inr~talled in   the same r i g  as tha t   sed 
to investigate  the perfomaance of the 19B mdel, (raforence 1). A 
drawlng of the  setup is shown in  figure 3. The compressor was driven 
by a 2500-horsepher  induction motor in.conjunction  with a magnetic - 
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coupling and two ~peed-increadng g e e  boxea. The epeed of the 
compressor-was vmiad by the magnetic coupling and was held at the 

. desired value by an elec'tronic  control system. . 

' m e  refrigera.ted.-air Bystem suppj.iea a limited  quantltjr of ctry 
ah- at -h3nwraturea &e lm. ae' -70° F. The refrigerated air was 
inducted through a submerged adjustabls orLfiae and a butterfly valve 
into the depressfm-tank, wihich.vae appbximately 4 feet i n  d i m s t s r  
and. 6 feat  in .length. W e e  m e e n 5  me located at the midsection 
3f this tank (f lg. 4) to"aqua1ize the air yelocities. A wooden 
bellmouth was f i t t e d   t o  the cmpressaY in le t   to   insure  uniform air 
flow Fnto-the.c~resEFor. The air leaving the compreesor was die- 
charged into & collector through a,straight w'snular dischare6 passage 
formed by the f a k i n g  inserts. A acreen cS 60-percent apning w a ~  
placed at the end,of the Qischarge section of the ocmrprcsaor to 
decrease any aEQmnetry in  flow' wWi.Ln tho campregsor caLiaad hy the 
two radial outlot  ducts. . The outlet ducte, which were a%tached t o  
tbo  collector by-a flexible couplilnrg, were connected to .the la3oratory 
a l t i % U d B  BxhEbust system, The t d e t  duct,  the depreasik tank, tho 
compressar caaiw, t h o  collector case ware lagged  mi 1/2-:nch 

heat tramf er . asbestos CaPePd W i t h -  4 imhos Of f 81% to-minfmize o x t e r n 1  
. .  . 

Inasmuch as the perf6rmance of the compreseor varioa with the 
rate of-air I.o&age 'past the rotor  rear air seal, provieions were made 
t o  plug the hole8 in Kim rear hausing euppolrt; with copper plugs. The 
use of these  plug^ mabled the leakage t p  be reduced t a  a minirmun 
value. .. . .  . 

Inatrumentation . ." 

The i n s t m e n t a t i o n  of the compressor was similar t o  that  of the 
19B coqrassor .  arbe Inle$ afr w e  nletered through the submerged 
adjustable or i f ice .  lacatad in the fnlet- duct before the depre~~alon  
tank. The s t a t i c - p r e s m e  drop acrom t he  orffica-was fndicated on 
a water manometer and a l l  other pre~~uros, on'a common-well mercury 
mmameter. The temperatures were measured with  calibr&&ed iron- 
constantan thermocouples. A bath of mslting ice served as Lhe c m o n  
cold Junction f o r  a l l  thermocouples and thc thermal electromotive 
fome was read with a semitlvo potentiometer i n  con,junc.t;ion w i t h  an 
external spot-13 ght galvanometer. 

Inlet-air c~dditions were measure& in  the dopression tank a8 
ahown in figure 4. Becaueo the diameter af tho deprussion tank was 
large, th6  velocity pressure at. t h e  In le t  maasuring s ta t ion  was  neg- 
l ig fb le  and t he   t o t a l  pressure wag measured with two wall s t a t i c -  
prsaflure tape. Tple LriLot-aZr tomperaturo was measured with three 

- .. .. 



unshieldod  thermocouplw; one themcouple was loca tcd ,a t  tho CenteP 
of the air stream and the  other two wera placed 180° apart tixtmding 
approrinately one-sixth tank diameter  into the air s t r o a ~ f ~ .  

Conditions af the diechtwgo air were masured halfway betvean 
the outlet  guide vanee and the second bearing  support  struts  in  the 
araulm area formed by the fairing inserts.  Four wall s ta t ic -pessure  
taps were located a t  the discharge measurhg e t a t i m  90° a m  cir- . 
cumferentially on bo5h t k o  mn8r and outer valfs. Six shielded axial- 
vent  tenperatwe probes were located 60° apart and spaced at YIa 
centers of equal m u l m  &ea elenents, in a s p i r a l  pattern. 

, .  

The interstage instruments Were lm8ted t o  measure the p r e a w e  
and tempers;ture.-halfway.between the hub and casing a d  also midway 
between the leading and trailing edge8 af the blades i n  each s t a to r  
row. In  each of the  e ta tor  rows. and in  the first row gf the  out le t  
guide vanea, the total   pressures were taken at three circunferential 
locations apprclx-teu IZO* apart. These ~ ~ r e s i u r e s  were measured 
with straight  cylindrical  ttibse, which had a 0.03O-Q1ch hole located , 

one-&half inch fr-m the end of th& ,txbe. Temperature probea were 
located  in the same axial plane and approximately 10" frm wl; total-  

A surge-detecting 
fn  the  outlet   duct adld 
a pressure capsule was 
conditfon. 

appwstus consieting of 'a pitot   tube  fnserted 
connected t o  a cathde-ray os~ibloscope through 
used t o  d&8mnf11€1 m y  un8table operating 

Presentat ion of data. - NACA standard aeaLlevel  condit tons 
(29.92 in. Hg absolute' W 59O F) were choesn 88 the baafa on which 
a l l  data were corrected.  Adiabatic  temperatura-rieo eff iciencies qT, 
total -pressure  ra t io  . Pz/P1, and pressux  coeff ic tent  axe plotted 
against the equivalent weight flow ,W f i j %  . for various values 
equivalent  speed  ET/^ 

adiabatic tempratwe-rise:  eff iciimcy 
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. . . .  . . .  - .  . . .  . " . 

uquivaient -weight f l o w  

... 

- -  r 

acceleration of gravity, feet per .seconc€ per .second 

isentropic Wreaso in total enthalpy por unit of mass for 
given pressuro ratio, foot-pounda par pound . -  

total pressure, pohlnds'.per square inch .absolute 

t o t a l  temperature, QR 

ro tor  t i p  ep60d, feat per eecond 

weight flow, pounds per second 

ratio of in le t -a i r  pressuro to maCA standard sea-level p r o e w e  

The subecripte 1 a d  2 .  dosignate the i n l o t  and outlot  stations, 
respectively. 

The outl-ot total presElllre umd was calculated fram the  moaeurod 
a t a t i c  pressurq wstght flow, and temperaturs by tho method givsn in 
reference 1. I .  . -_ 
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Tests. - All t e s t s  were &e by holding speed, Inlet-air  t e m p r -  
aturo, and inlet-air pressure at a set value and vary iq  tho volumo 
flow 'of air frm maiimum (l&lted by laboratory refrigerated-air 
s y s t m )   t o   t h e  flow just preceding incipient surge. 

With interstago  instrument6 Fnstallad and air Icakago permitted, 
a ser ies  of rune W&E cbnduztd  with an inlet-air t m p o r a t m  of 59O F 
and an in le t -a i r  pressure of 14 inchce of mercury abaoluto over a 
range of equivalent speeds from 3400 t o  17,000 r p  in  incraionts of 
1700 rpn. Bscause instrumenter have an mlprso ef fec t  on the  pcrf'on- 
a c e ,  a serios ~f points ' w a s  PIUI at an equivalent spood of 17,000 r y n  
with  tho I n s t m m t s  removed to dctermino the effect oh the  ovor-all 
porfomaance. - I  

With the air leakage past tho ro tor  r e a r  air esd. e lmna ted ,  a 
ser ios  of points with Interstage indmzmenta*lon we% run at egulv- 
alent speeds of 3500 to"17, QOO rpm w i t h  an i n l e t  -afr tanyeratwe of 
59' F and an inlet-air pressure of 14 incbea of mercury aSsolute t o  

. determine the  effect  of leakage. This eeries w 8 ~ .  repeated f o r  three 

conditions of - 5 9 O  P and 6.5 inch68 at' mercury absolute t o  give a 
cmparison of performm~ce w i t h  two inlet  conditione. 

' equivalent S ~ & S  ,'(13,800; 15,300, and 17,000 rpm), . but, with' fnlet 

A ~ ~ l m a r y  of the operating.conditions is given in   the follaTing 
table : 

3,400-17,000 i 14 .59 

17 ;OOO 14 59 

8,590-17,000 14 59 

13,603-17,000 I 6 3  - 59 
L '  

4 

t 

The preoialon w i t h  which all mem~memmk.6 were made is eetinated 
t o  be within the  following limita:  

Temperature, OF . . . . . . . .  . . . . . . . . . . . . . . .  f0.5 
Pressure, tnches of m e r c w  . . . . . . . . . . . . . . . .  .f0.02 
Weight flow, percent . . . . . . . . . . . . . . . . . . . . . .  f l . O  
Compreesor speed, percent . . . . . . . . . . . . . . . . . . . . . . .  f 0.5 

, .  
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Several possible sonEi=cs . o f  error may have affected the f3.nal 
roeults:  (a) discharge measurements taken ie the wake8 d the  outlet 
gclide vanee, (b) flow  distortion  caused by interstage  inetruments, 
and (c)  air  leakage past the ro tc r  rear air ~-1, which a9fected 
weigh% flow, pressure, temperature, and surge characterist ics of thu . 

compressor and. caused tha   r e su l t s   t o  be  ewewhat m"eli8bls. 

RESUZTS AND DISCUSSIION 

All V ~ ~ I I ~ B  -peed and weight flow given in the following .die- 
cuasion are corrected  to NACA sea-level conditions. The resu l te  
obtained from the T U ~ Q  with. interstage  instruments  installad and air 
leakage permittod are presented as the  baeic over-all perfcmnanco 
dat-a. The run with the interstage  Fnatlments romovcld enable& the 
effectcs 'of tho Instmments t o  be dglua ted  and the  rune w f t h  the 
leakage path blocked enabled the effwte of leakago t o  bb discuaaed. 
The resul ts  af tho  int.erstage  messurem~nte  permitted the &uct iw- 
ness of sash atage  to  be determbed. 

Cmpreesor performance. - The perfmmmce of khe compreagor is 
sham  in  Figure 5 over a range of equivalent speeds fram 3409 to 
17,000 rpsl i n  incyemente of 170@rpm with  interstage.i&trwnents 
inetalled and v i th  air leakage  permitted t o  p a m  the  rotor  rear sir 
seal. The inlet  conditions cs temperature and proesure were 59O E 
and 14 inchee of mercury absolute,  respectively. The peak efficiency 
increased from 0.64 at 3400 rpm t o  a maximum value of 0.75 at 
15,300 r p  and then m p p e d  t o  0.72 at 17,000. rpm where data may not 
have been taken  near enough to  the  surge  point. Sam diff icul ty  was 
experienced in detecting  the  exact surge point of the  canpremor, 
particularly at the high speeds, because the ewge-detecting apparatus 
waa sensi t ive  to  a l l  disturbance8 and because  extreme aaation wag 
taken not t o  surge the  cmpresaor  violently. Tho peak preeewe ratio 
was increased from 1.08 to 3.72 From equivalent speeds of 3400 t o  
17,000 rpn, respectively. The peak pressure coefficient was approx- 
imately constant at 0.26 up t o  17,000 rpn where it dropped slightly.  
The maxirmun weight flow a t  the design. apeed wag gp-proxlmately 10 per- 
cent higher than the deai@ value of 30 pounds p e r  seconii. At an 
equivalent speed af . l3 ,600 rjp, t h e  peak preesurs ratio apparently 
€ 8  low but the  temperature-rise  efficiency  has  nearly  reached'the 
peak value. The data f o r  th ia  perf'mmmce curve may not have been 
*&ken sufficient kv near the surge point. A$ t h e  d682gn weed, the 

. presmre r a t i o  of the 19XB compresaur waa obsemed to..be higher and 
the temperkture-risa a f f  iciepcy  slightly lower than that obtainod 
f ran the 1%' compreeeor (ref erame" 1) : 4n, ex?.lq&tion for the lower 
temperat&e:riee eff iciencg Z q  thd 19XB invest  igat Ion than i n  the 
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19B investigation l e  that   the  peak pressure  ratio may not have  been 
obtained.  Different mmunts of leakage i n  the .two cm?ressors may 
also have  caused a difference  in ef'f iciencg. 

Effect of interstage instruments. - When the  intersta@  instm- 
ments were removed, the weight flow through the compressor was 
increa8ed about 2.2 percent and the peak temperature-rise  efficiency 
about 0.03 ( f ig .  6) at 17,000 rpm. The difference in peak preasure 
ra t ia .vas  -11, howeverj which ahms that   the-difference in eff i -  

mciency is due t o  a change In the temperature rise. The wakes produced 
by the i n e t m m t e  increaeed the worg done by the  compre6sor blahes 
and  th'ereby incre&&d the teqm?ature r a t i o  and .possJbly ths  pk;e&wrre 
ratio. .The 111Cr~??3sed~p~€388W€3 losses WUsed by the in s tmen ta t ion ,  
however, nullif ied  the  possible increase i n  preseure r a t i o .  ' 

Performance w i t h  no air Leakage-through rotor rear air seal. - 
The perfommce of .the c.mpressor 'ie shown i n  figure 7 'wikh 'the 
leakage past the  rotor re&- air see1 eliminated. ~ 'These run6 were 
made with inlet-air  conditione of 59' F and 14 inches of Ihorcury 
abBolute and over a range of equivalent' apeedB from 8500 to 
17,000 rpm. ' The adiabatic temperature-rise  efficiency  increaaea Tram 
0.69 at 8500 rpn t o  0.72 at 10,200 rpu and dropped $0 0.68 at- 
17,000 .sp. ' The peak pressure ratio increased from 1.61  at 8500 rpn 
t o  3.87 at 17,000 rpm. The press= coefficient decrease& froin 0.27 
a t  8500 rpm to 0.22 at 17,000 rgm. 

. .  

A comparison. of the .perf'omnance of the compressor with &nd 
without leakage -is made .in figure 8. In  general, the peak pressure 
r a t i o  was lower f o r  the investigation with leakage than for the i n b e -  
tigatton  without leakage althouEyh the adiabatic3 tempersture-rI8e eff i- 
ciency with ,leakage was slightly higher at the higher speeds. -The 
peak pres4ure r a t i o  and the peak adiabatio. eff icisncy  did  not occur 
at the -681318 weig)rt f hy .  The maximum weight flow through the com- ' 

pressor .at: 17, OOO rpm w a ~  appraxbgtely 5 peivent.  &-eater wfth lkakage 
permitted past the rotor rear air. seal  tbri Tslth, leakage elimiGted. 
Because the  outlet  guide vanes at least partly limited the air flow, 
a greater  me6;sured air  flov would be delivered'by  the cpmpressor when 
air wa8 allowed t o  leak from the ccanpressor ahead DT t h o  guide vanee 
to  the atmosphere. . .  

Comparison of performme at twD inlet omdit ione.  - The perform- 
ance of the c q r e e s o r  3s shown i n  f igure 9 for the   in le t -a i r  cond'i- 
t lons of -59O F and. 6.5 inches of mercury absolute f o r  the &quiv&lent 
speeds of' 13,600, 15,300, and 17,000 qm. These rum were made with 
interstage  instruments  installed. and with no air leakage permitted 
past  the rotor rear air seal. The poak pressure ratio  increased from 
2.70 t o  4.46 and the peak efficiency increased from 0.66 to 0.72 a8 
the  speed increased f r5& 13,600, t o  17,000 rpm. - 
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A comparison of the performance a t  two in le t  coond.itiom 18 pro- 
vided by f iguro 10. The weight f low through the compre~lsor deGrea-sed 
with  reduced inlet-air temperature a n d v s s u r e  and references 1, 2, 
and 3 Indica te   tha i~ th ia   e f fec t  is due to  pressure.   rather-  than  to 
temperature. The decreas6.- in .weight flow varied f r o m  6.0 percent at 
13,600 rp to a maximum value of' 9.5 percent at 15,300 rpm. and then 
decreased t o  6.0 percent at 17,000 rpm. . .  

A t  inl.et  conditione of -59O F an8 6.5 inches- of mercury absolute, 
the peak pressure r a t i o  w a  glightly lower at 13,600 and 15,300 rpn 
but correriderably higher at the design speed of 17,ocIO . r g n . t p l a n  at 
inlet  conditione of 59' F and 14 inches . o f  rnerc-xry absolute. The 
difference  in  gressuke ratios at tl?o design apead is ex-lained bx the 
f a c t   t h a t  the compressor was operated cloeer t o  the terminal aurge 
point for   the  1ow-prea.ewe t e s t e  than for the high-preseura  teats. 
The amplitude af pres5Ure fluctuation at B given rate &"pulsation 
w&8 lees  at 6.5 t h a n  at 14 inchha of m e r c u r y  aBsoEut6. I 

Interstage rneaawemente. - Curnee' of interstage  temperature and 
preesWe through the compressor at the  point of peak afficFency for 
the with no leakage permitted are shown in rigures. 11 and 12, 
mapectively. The t a p e f i t u r e a  pesented in f fgure 11 are  the obaerved 
temperatures in each stage  through the cmpreseor. At the low speed8 
the  temperature variation was irregular; the  largest varfatian 'occurre8 
i n  the fifth stage. The preeeuree are presented-ai the r a t i o  of the 
pressure  In stage t o  the.pre#sw-e in the proceding  stags 
( f ig ,  l Z ( a )  ), and &IBo as"the- ratio c5P the C$e$i i ipi  in:* atage t o  
the c q r e s s o r - i n l e t  presaure.(fig, lZ(b)). 

. The cizves of preseure ra t io   acrom any etage were very  irrogular 
at the high speeds; the maximum p r e s m e  ~IBO occurred acrom etagoe 3, 
8, and 9 (fig. 12(a) ) . A t  the design speed t h e  pressure r a t i o  from 
the campmeso? inlet t o  the f imt row of the outlet guide vanes was 
4 .2  but the preesure &rop acroe8 the  two rmi C g u i d e  vanes reduced 
the over-all preelsure r a t i o  -ko 3.72, A-c-6mpa;i.afilo b o p  in total: pres- 
sure across the  outlet  guide vane8.occurred at a l l  speeds. 

1. A t  the'design s p e d  of 17,000 rpm and wfth inlet ccmndit2ons 
of 59O, F and. 14 inchea of mercury abaolutw, the peak off lciency was 
0.72, the peak pressure ratfo wa8 3.72, and the maximum weight flow 

1 
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was 33.8 p m b  pel' second for the runs with  interstage  instruments 
instal led a d  with leakage permitted p e t  the rotor rear atr seal. 
A maximum efficiency of 0.75 w k  obtshed at the,  equivalent speed 
of 15,300 rm.' -. 

. .  
2. When the  interatage i n s t w n t s  were removed, the weight 

f low th*ou&  the  cmpreeeor was' incroesed  approximately 2.2 percent 
and the p a &  temperature-rise  efficiency m a  incrsaeed Q.03 at the 
design speed. Only 6 slfght change i n  preasure ratio occurrod. 

3. A t  the desigrr &peed the elininatioi.1 -of the ~tir leakage wet 
the ro to r  rear air seal decreased  the p.eab- adiabatrc  temperature- 
rise  efficiency C. 04, decreasd  the wsight f low 5 percont, and 
increased the peak pressure r a t i o  0.25. 

4. A change i n  inlet conditions flvm So F and 14 inches of 
mercury absolute  to -59' F and 6.5 inches crf mercury ab80luke 
increased the peak pree8cu.e ratio a* design speed 0.74 and decreased 
the weight flow approximately 6 percent. 

5. The resu l t s  of the surveys w i t h  the fnteratage instruments 
located i n  each stator row and t h e   f i r s t  raw of out le t  gui.de vanes 
indicated that some nonunifomlty of blade loading  exfsted and tha t  
a considerable logs of' t o t a l  pressure w&8 occasioned by the   out le t  
guide vaneg. 

Aircraft Ezlgine Reeearch Laboratory, 
National Advisory Committee for  Aermautics, 

Cleveland, Ohio. 

Richard M. Downing, ./ 
Mechanic 11 &&mer. 

Mechanfcal m f n e e r .  
Approvod : 

Robert 0. Bullock, 
Mechanical  Ehgineer. 

. Oscar W. Schey, 
Mechanical  Ehgineer . 
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T A U  I - DESIOIS DATA FOR 19x6 AXIAL-FLOW COMPRESSOR BLADES 

COMIITTEE FOR AERONAUTICS 
NATIONAL ADVISORY 

T 1 Chord 
l s n e t h  
(In. I 

Blade 
length 
(in.  1 

Camber- 
l:n? 
radlus 

C.r. _. 
Hub 

- 005 
.oo :% 
.oo$ 

:E3 
.005 
.005 
,005 

.005 

.005 

.005 
,005 
.m5 
.o05 
.005 - WS 

. 001 

.001 
; :3 
_. 

I 

U.0 32.0  10.5 10.5 
.o 12.0 
.a 12.0 
.o 12.0 
.o 12.0 

12.6 24.2 12.0  12.0 
15.1 a . 2  

13.8 2&.Z 2.5 12.5 
' 

U . 1   2 3 . 5  1s.O 12.0 
1 .7 23.5 10.0 14.0 

14.5 23. 10.0 
14.1 2g.g 12.0 9.0 1 .O 

12.0  12.0 

l2.0 12.0 
10.0  12.0 

51.7 51.7 9.0 9.0 

3 : s 

12.6 a . 2  1 2 5  3 

12.1 23.5  12.0 12.0 

12.1  24.2 9.5 12.5 

15.1 23.5  10.0 14.0 

16.00 0.037 0.05 

.011 .O& 

! 50.10 .017 .027 
52.2 .017  .021 

29.45 .017 .021 
9 . O N  .Olb  

33.42 .017 
X , l b  .01  

56. 5 .O lb  .016 
.%O .016 .032 

3.26 .016 .016 
58.91 .016 .032 

B.90 . o n  .WJ 
.95 .013 .01 

15.15 ,014 .O& 

'.005 

:E$ 
. d  

.00! 

.005 

. 00 
* 065 .M) 
. 00 

I 005 
,005 

.005 
,005 

.OP5 

. 00 
:Eli 
.001 . 001 
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I i y u r e  I .  - P h o t o y r a p h  o f  19x6 a u i a l - f l o w  c o m p r ~ s s a r  w i t h  t o p  h a l f  o f  c a s i n y  remOVc! j  
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F i  u e 5. - Performance c h a r a c t e r i s t l a   o f  19x6 a x i a l - f l w  compressor for inlet -alr   wndlt ions of  
stage Instruments Instal IC& 
!d F ana 14 laches of  mercury absolute lrlth a t r  leakage past  rotor rear a f r  seal ana with  inter-  - 
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Figure 6. - Effect o f  interstage  instruments  on per- 
formance of LOX6 a x i a l - f l o w  compressor at 17,000 
rpm at Inlet-air  conditions o f  59’ F and 14 inches 
o f  mercury  absolute w l t h  a i r  leakage past rotor 
rear a i r  seal. 
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FI ure 7. - Performance characteristics o f  j 3 X B  axial - f low mapressor for i n l e t - a i r  con- 

i l t l o n s  o f  * F an0 14 inches o f  aercury absolute r l t h   a l r  leakage past  rotor  rear 
a i r  seal eiiminatea ana r r i t h  Interstage lnstruaents instal lea. 
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Figure 8. - Effect  of  leakage  past rotor rear alr seal on perfomence  of lgXB axial-flow &pressor 
with  inlet-air conditions o f   S o  F and 14 Inches of  mercury aasofute ana 4 t h  interstage instru- 
ments  Installea. 
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Figure IO. - Effect. o f  iniet  conditions on the  perfonnance  characteristics 
o f  19XB axial - f lw ccnnprpssor with a i r  leakage  past  rotor rear air  seal 
el iminated  and w.i,th interstage  instruments  installed. 
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(b) Pressure  ratio  fro6  inlet  to any stage. 

Figure 12. - Total-pressure  ratios a t  various  stages through the 19x8 axial-  

solute a t  the point o f  peak e f f i c i e n c y  wi th  leakage p a s t  the rotor rear 
flow conpressor  for inlet  conditions o f  So F and 14 inches of mercury 8D- 

a i r  seal el  ininated. 
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